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Relatively  little  attention  has  been  paid  to  the  economic  potentials
and  limitations  of tropical  timber  production  and  management  at
smallholder  scales,  with  the  most  relevant  research  focusing  on
community  forestry  efforts.  As a rare  tropical  example  of  long-
lasting  small-scale  timber  production,  in  this  study  we  explore  the
economics  of  smallholder  vertically  integrated  timber  use  to better
understand  the  activity  in  the  context  of its  primary  land  use  alter-
native  in  the  Amazon  Estuary,  ac¸ aí  palm  fruit  production.  We  use
data  from  landowner  and  ﬁrm  surveys,  participatory  monitoring
of  ﬁrms,  and  detailed  forest  and  sawmill  operation  monitoring  to
devise  ﬁnancial  returns  models  of  smallholder  timber  micro  ﬁrms
and  ac¸ aí  palm  fruit  production.  We  then  compare  the  economics  of
the  two  activities  to  better  understand  how  differences  may  shape
decisions  at  the small  holder  scale  that  impact  current  land  use
shifts  in  the  region.
Published  by Elsevier  GmbH.  This  is  an  open  access  article  under
the  CC  BY-NC-SA  license  (http://creativecommons.
org/licenses/by-nc-sa/3.0/).
Introduction
In the mouth of the Amazon River, smallholders have developed a micro-scale vertically integrated
system of timber production (Pinedo-Vasquez et al., 2001; Sears et al., 2007). Contrary to community
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led efforts elsewhere, these informal micro ﬁrms are owned individually and commonly integrate
timber extraction and processing in local circular sawmills. For decades, hundreds of these micro
ﬁrms have produced sawn lumber sold primarily at local and regional markets (Barros and Uhl, 1995).
As past research in Amazon tidal forests have documented the potential for small-scale sustainable
timber management, these micro ﬁrms bear special relevance to the potential role of smallholders
in sustainable timber management (Barros and Uhl, 1995; Pinedo-Vasquez et al., 2001). Surprisingly,
one of the largest threats to micro-ﬁrm timber production in the estuary appears to be the production
of ac¸aí palm (Euterpe oleracea) fruit. Characterized as a non-timber forest product by some or as a
driver for forest conversion by others, it is nevertheless an increasingly popular alternative to timber
production in the Amazon Estuary (Brondizio, 2004; Weinstein and Moegenburg, 2005). While ac¸ aí
can be harvested from mixed stands, intensiﬁed ac¸aí production often results in mono-speciﬁc stands
where most competitor species (including timber species) are eliminated while the abundance of
ac¸ aí is increased from natural regeneration and additional plantings. As a rare tropical example of
long-lasting small scale timber production, in this study we explore the economics of smallholder
vertically integrated timber use to better understand the activity in the context of increasing ac¸ aí
palm fruit production, the most important land use alternative to timber in ﬂoodplain forests of the
Amazon estuary.
While the majority of timber management literature from the Amazon has focused on industrial
operations, it is estimated that 95% of rural properties in the Amazon are less than 500 ha, providing as
much as 28% of regional timber output (Lentini et al., 2005). Government settlements in the Amazon
alone account for approximately 500,000 smallholder families that commonly sell timber (Lima et al.,
2006). Surprisingly, relatively little attention has been paid to the potentials and limitations of timber
management in smallholder scales, with the most relevant research focusing on community forestry
efforts (d’Oliveira, 2000; Rockwell et al., 2007b; Humphries et al., 2012).
Smallholder timber operations may  vary substantially from industrial operations in techniques,
technology, capital availability, market reach and ecological impacts (Salafsky et al., 1998; Rockwell
et al., 2007a; Keefe, 2008). Without the proper knowledge and consideration of the potentials and
limitations of smallholder timber management, most legislation on timber use in the tropics has
focused on the industrial scale, leading to unrealistic expectations to smallholders and communities
(d’Oliveira, 2000; Rockwell et al., 2007a; Zarin et al., 2007).
In this study we use data from multiple sources including landowner and ﬁrm surveys, participatory
monitoring of ﬁrms, and detailed forest and sawmill operation monitoring to develop a ﬁnancial
returns model of smallholder timber micro ﬁrms. With this model we  determine the ﬁnancial costs and
revenues of timber micro ﬁrms and the factors most inﬂuence long-term economic viability of timber
production by micro ﬁrms. We  then use a simple ac¸ aí ﬁnancial returns model to better understand
how the differences in economics between the two activities may  shape ongoing land use shifts in the
region through decisions at the small holder scale.
Study region
We  conducted our research in the 160 sq km Mazagão watershed at the western side of the Amazon
estuary (Fig. 1). The Mazagão watershed has a long history of timber use (Pinedo-Vasquez et al., 2001)
with current micro scale timber extraction as part of diverse livelihood strategies that often also
include palm fruit, ﬁshing, and cropping. Mazagão is similar in composition and land use history to
several adjacent watersheds, as conﬁrmed by region wide inventories and surveys conducted in 2005
(Fortini, unpublished data). Mean annual temperature is 27 ◦C and average daily temperature varies by
less than 3-C from month to month. Mean annual precipitation is 2550 mm and occurs mostly in the
wet season months of January–May. This part of the Amazon estuary is characterized by freshwater
tidal ﬂuctuations of 2–3 m.  Because of the elevated river level in the wet  season, local forests may
ﬂood twice daily during high tides.
The ﬂoodplain smallholder timber production system is characterized by local family-owned micro
scale timber producing ﬁrms centered around small sawmills that process locally harvested timber
to be sold regionally. Although past research suggests sawmills worked independently from those
who extracted timber and sold as logs (Barros and Uhl, 1995), forest extraction in Mazagão is largely
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Fig. 1. Map  of study site.
performed by the same 4–5 person crew responsible for sawmill operations (Lentini et al., 2005). While
up to 10–20 years ago felling by axe was common in the region, now chainsaws are prevalent (Barros
and Uhl, 1995; Lima et al., 2006). One of the characteristics of these ﬁrms is the high dependence on
manual labor. Once trees are felled, tracks are manually cleared where bucked logs are pushed over
small rails made from small non-commercial stems to river edge. Logs are then manually ﬂoated with
the aid of tides to the mill using ﬂoat wood or larger rafts (Barros and Uhl, 1995). As of 2008, 12 micro
ﬁrms where established in the watershed.
Methods
Monitoring of extraction and sawmill activities
We  monitored extraction activities between June and August 2008 to quantify all costs and produc-
tion of related activities. Because crews alternate time spent in the forest and sawmill, we monitored
the activities of two crews from two of the 12 ﬁrms present in the region. The two  ﬁrms were chosen
for being in the middle of the range in terms of size when compared to all other ﬁrms present. While
there was variability in size of ﬁrms present in the region, that variability is small as ﬁrms operate
using a same standard sawmill conﬁguration based on a circular saw powered by a single two-stroke
diesel engine. Because of that, our selection of ﬁrms studied should not have large impacts on overall
research results and implications.
The ﬁeld methodology was based on similar methodology used to closely monitor conventional
and reduced impact logging operations in upland forest (Holmes et al., 2002). However, we adapted
the methodology to incorporate the many aspects of ﬂoodplain logging not considered in the original
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Fig. 2. Timber production activities monitored and modeled in research: (a) felling and bucking; (b) clearing path and laying
tracks; (c) pushing logs; (d) ﬂoating logs, and (e) saw timber milling.
methodology (e.g., manually ﬂoating logs vs heavy machinery use). We  devised a monitoring method-
ology to record time spent by each crew in each of ﬁve activities: felling and bucking; clearing path
and laying tracks, pushing logs, ﬂoating logs, and transportation to and from forest sites (Fig. 2). All
trees and tracks between felled trees and river edge were mapped and geo-referenced. Using a tree,
log and trail numbering system, the production for any particular activity (e.g., volume felled, m trail
created) was related to time spent on each category. To calculate harvest efﬁciency, we measured
total stem volume (i.e., from base to crown base) and harvested log volume for each felled tree by
measuring diameter along the stem. We  calculated transportation efﬁciency simply as the total log
volume harvested per harvest operation vs total volume reaching the sawmill.
The same two ﬁrms monitored during extraction activities were chosen for a similarly detailed
sawmill monitoring between May  and October of 2007. We  recorded the processing time, volume and
yield of each log processed and all related labor, fuel and food expenses. Additional cost and production
data was obtained through the participatory monitoring of three average-sized ﬁrms from 2006 to
2008. Based on past collaborative data collection methods used in community wildlife monitoring
through hunting diaries (Constantino et al., 2008) and timber harvest monitoring efforts (Pokorny
and Steinbrenner, 2005), we used simple accounting books where ﬁrm owners registered all log and
tree purchases by species, listing the place of origin, species, volume or number of logs, stumpage/log
costs and related sawmill processing costs during that period. To check the daily cost and revenue
estimates above and complement them with estimates of capital investment, equipment durability
for depreciation calculations, and maintenance costs, we also conducted detailed surveys about costs
and revenues with all ﬁrm owners present in the Mazagão watershed in July–August 2008. These
surveys included questions about the minute details of ﬁrm operations including cost of timber; fuel
costs and consumption; costs, maintenance, durability of required equipment (e.g., chainsaw, boat,
sawmill parts and engine); size and productivity of harvest and sawmill crews; and ﬁrm production
and sales. These surveys were similar in methodology and depth as those conducted by Merry et al.
(2005) and Lentini et al. (2005). Because this study follows 4 years of local rapport building during
other related research, we expected our close monitoring to accurately reﬂect timber activity in the
region. We  report all cost and revenue values in U.S. dollars based on the average exchange rate during
the period of data collection (May 2006 to August 2008; R$1.93 per U$1).
Financial returns model
The ﬁeld data collected was used to construct a single ﬁrm ﬁnancial return model that assumes
a ﬁrm operates under short run conditions, no market power and no economies of scale for a period
of 30 years. The 30 year time horizon was selected to include the lifespan of a sawmill and at least
one full typical harvest rotation (10–30 years according to Brazilian forestry legislation). To reﬂect the
way timber is usually produced in the watershed, the model includes two modes of production: ﬁrms
purchasing standing trees, and ﬁrms purchasing felled logs delivered to the sawmill’s port.
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We  depreciated capital assets as a means to annualize periodic replacement costs (i.e., an annual
contribution necessary to ensure future replacement costs) to avoid peaks in year-to-year costs based
on estimates of equipment durability. We  calculated straight line depreciation based on use or time
depending on whether the durability of the asset was  dependent on usage (e.g., mill engine, chainsaws)
or time (e.g., mill housing, wood boats). Operational costs were modeled for all stages of production
from felling to milling. Since chainsaws are used for extraction and for longitudinally splitting large
logs in the sawmill, we divided chainsaw depreciation and maintenance costs according to their pro-
portional use in extraction and milling. Similarly, we  excluded a portion of boat and boat engine
depreciation and maintenance costs proportional to the estimated boat use unrelated to timber pro-
duction. The ﬁnal model also included changes in extraction practices during the ﬂood season (i.e.,
shorter pushing distances). Annual ﬁrm revenue was calculated as ﬁrm output (based on harvest,
transportation and sawmill efﬁciency), allocated among the four predominant board types and their
respective market prices. Revenue from the sale of solid wood residues to charcoal producers was
also included in the model. The model’s outputs include cost and revenues by year and m3 processed
and calculate net present value (NPV) of the ﬁrm by discounting all costs and revenues over the 30
year projection period. Due to the limited economic opportunities of the region, we  used an interest
rate of 6.79% for discounting. This is based on the national average savings rate from 2006 to 2008
and reﬂects the lack of alternative investment opportunities beyond the two  activities considered.
This is in the middle of the range of discount rates utilized in similar tropical forest economic studies
(Chomitz, 2007). As both timber and ac¸ aí production are long-term activities, preliminary analyses
showed comparisons among these two activities did not change substantially based on discount rate
changes.
Model perturbation and sensitivity analyses
Following model creation and parameterization, we  performed perturbation analysis to evaluate
parameter importance to overall model output using multiple model runs with parameters varying
randomly within their observed ranges (Boltz et al., 2001). Since results of the perturbation analysis
are based on the observed variability of each model parameter, we consequently relied instead on
a simpler elasticity analysis that considered the effect of a 1% reduction in mean parameter value
on model output NPV. We  used a standard formula to evaluate the arc elasticity of model output to
changes in individual parameters (Eq. (1); Klemperer, 1996).
Elasticityi =
NPV/|NPV |
parameter i/|parameter i|
This elasticity formula allowed us to evaluate the direction and relative change in model NPV, with
elasticity values >1 or <−1 indicating greater proportional change in NPV arising from changes in a
given model parameter value.
Evaluating ac¸ aí costs and revenues
To compare the attractiveness of timber production to ac¸ aí fruit production, we used previously
published data along with interviews with ac¸ aí producers in the watershed to quantify startup costs
(e.g., clearing and planting), and yearly management and harvesting costs (Hiraoka, 1992; Munizmiret
et al., 1996). Average per ha production estimates for the region were calculated by estimating average
ac¸ aí stand density from 25 ac¸ aí stand inventories conducted in Mazagão and using a second degree,
no-intercept polynomial function relating per hectare production and ac¸ aí stand density calculated
from previously published data (Brondizio and Siqueira, 1997).
Production (baskets) = 3.56 × 10−4 × ac¸ aí clumps2 + 0.243 × ac¸ aí clumps
Since production is highly seasonal and largely synchronous across households, we  used production
and price data collected from a single household between 2005 and 2008 to calculate the weighted
average revenue per 18 kg basket of ac¸ aí for the region (Munizmiret et al., 1996). Startup costs, annual
228 L.B. Fortini, D.R. Carter / Journal of Forest Economics 20 (2014) 223–235
Fig. 3. Average costs per extraction activity standardized by timber volume delivered to sawmill.
revenues and management costs were used to calculate the NPV of establishing a one ha stand of
ac¸ aí from recently undisturbed forest and managing it for 30 years. Ac¸ aí stand NPV was calculated
as a ﬁnite payment series (where each yearly payment represents total yearly revenues minus costs)
discounted from the year of ﬁrst harvest minus initial startup costs. This approach reﬂects the local
ac¸ aí management that includes the continuous thinning of older less productive stems that allows
for continuous production without the need for clearing and replanting stands every 15–20 years as
described elsewhere (Munizmiret et al., 1996).
Results
Extraction practices
The annual costs of extracting 750 m3 of standing volume to sawmill harbor (the average per ﬁrm
in the watershed) was $4457. This value excludes stumpage costs and results in an average of 532 m3
of timber reaching the sawmill based on a 71% timber harvest efﬁciency and 100% transportation
efﬁciency. Costs of extraction standardized by volume output show ﬂoating costs to transport tim-
ber from forest river edge to sawmill is larger than all other activities including felling and bucking
(Fig. 3). As expected due to the low level of mechanization, labor related expenses ($6.62/m3) entirely
overshadow fuel and equipment costs ($0.49/m3 and $1.27/m3, respectively). Forest monitoring also
revealed that on average 15% of labor time is spent in traveling to and from the forest.
Sawmill practices
Based on detailed sawmill monitoring data, ﬁrms produce on average 195 m3 of sawn wood per
year with a mean sawmill processing efﬁciency from logs to sawtimber of 37%. A two-way ANOVA also
revealed differences in milling efﬁciency between sawmills and among species sawn (Species df = 4,
F = 3.36, p < 0.01; Mills df = 1, F = 12.83, p < 0.0004; Species × mills df = 3, F = 4.84, p < 0.002). However,
in practical terms these differences were small with mean processing efﬁciency varying little between
sawmills (0.41 vs 0.36) and among species, with Mora paraensis and Platymiscium ﬁlipes having mean
values around 0.3 and Calycophyllum spruceanum, Carapa guanensis and Licaria mahuba having mean
values around 0.4. Surprisingly, while volume input and output per log were strongly related (r = 0.82,
p < 0.0001), log use efﬁciency was not correlated with log diameter. This is likely a result from an
L.B. Fortini, D.R. Carter / Journal of Forest Economics 20 (2014) 223–235 229
Fig. 4. Sawmill volume processed by person days of work.
increased proportion of irregularities and defects with age and due to the use of chainsaws to split
large logs that sawmill saws could not process. Perhaps due to these patterns, while it clearly took
longer time to process larger logs (r = 0.61, p < 0.0001), volume output per hour was not related to
log size. Lastly, a link between mill volume processed daily and person hours of effort was  apparent
(Fig. 4; r = 0.75, p < 0.0001).
Costs and revenues of micro timber ﬁrms
Firms need approximately $7451 to cover startup costs (e.g., sawmill machinery and housing, chain-
saws, assorted equipment) and spend considerably more on milling than in forest operations ($47.35
vs $8.38/m3 output, respectively). Only when purchasing extracted timber as logs does the cost of raw
materials approach yearly processing costs ($6892 vs $9246, respectively). On the other hand, average
yearly depreciation and maintenance costs ($619 and $968/yr, respectively) are relatively low due to
the highly labor dependent system of production. Gross revenue per m3 of sawn lumber produced was
$95.75. In comparison, total production costs per m3 of sawn timber was  $89.83 or $77.68, depending
on whether ﬁrms purchased logs or standing timber. According to model simulations, both modes of
ﬁrm production were very proﬁtable (Table 1); however, differences in proﬁtability among the two
modes of ﬁrm production were large and resulted in differences in the time required to recoup initial
startup costs and internal rates of return (IRR; Table 1).
Model elasticity analyses revealed labor related parameters such as daily wages and work hours per
day exert important inﬂuence over the NPV of a micro timber producing ﬁrm (Table 2). The discount
rate also has a very large inﬂuence over a ﬁrm’s NPV, especially because it may  vary largely above the
range of values used in calculating elasticity. Given the high costs of processing, several sawmill pro-
duction parameters had a large inﬂuence over NPV as well (e.g., mill processing efﬁciency, processing
capacity and days of operation). Asset related values had minimal impacts on the proﬁtability of a
Table 1
Economic indicators of timber and ac¸ aí production.
Activity Production
mode
NPV Initial
investment
IRR NPV/investment
ratio
Payback
period
Ha of logged
forest to recoup
startup costs
Equivalent
annual annuity
Timber Purchased
trees
$40,296 $7451 84.00% 5.41 3 31.2 $3179.11
Timber Purchased
logs
$8206 $7451 52.00% 1.10 9 95.4 $647.39
Acaí $3230 $1114 22.00% 2.90 8 9.0 $254.82
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Table 2
Example model parameters and their elasticities.
Description Mean estimate Units Purch. trees Purch. logs
Discount rate 0.0679 −0.75 −1.20
Wages 9.76 US$ day−1 person−1 −1.39 −5.07
Work hours per day 9 h day−1 3.10 11.09
Diesel price 1.15 US$/L −0.46 −2.26
Gasoline price 1.38 US$/L −0.09 −0.12
Sawmill diesel consumption 3.26 L/m3 −0.67 −3.29
Harvest efﬁciency 0.71 m3/m3 0.84 0.03
Stumpage cost 7.77 US$ tree−1 −0.49 0.00
Extracted timber price 12.95 US$ tree−1 0.00 −11.36
Mean  volume per tree 3.98 m3 0.61 0.01
Mean  distance to stream 41.39 m −0.07 −0.01
Mill  efﬁciency 0.367 m3/m3 6.06 29.72
Mean days of mill operation 9.59 d mo−1 1.71 3.96
Mill  processing capacity 0.14 m3 person−1 h−1 1.77 8.68
Mill  engine price 2072.54 US$ −0.09 −0.44
Mill  engine use 12.83 Yr 0.04 0.19
Mill  engine salvage value 0.31 0.02 0.08
Mill equipment maintenance 401.21 US$ yr−1 −0.13 −0.66
Output for felling and bucking 2.64 m3 person−1 h−1 0.15 0.02
Output for clearing path and laying tracks 12.21 m person−1 h−1 0.12 0.01
Output for pushing logs 44.12 m3 mpushed person−1 h−1 0.25 0.03
Output for ﬂoating logs 0.40 m3 person−1 h−1 0.68 1.66
Product price 11.97 US$ 2.30 11.30
ﬁrm, whether in terms of initial price, durability, salvage value or maintenance. Surprisingly, output
of extraction activities had a generally small impact on NPV, with only output for ﬂoating logs having
a moderate effect over NPV.
Ac¸ aí fruit production costs and revenues
Average startup costs for clearing and planting 1 ha of ac¸ aí was $948. Yearly revenue based on the
seasonality of production and average ac¸ aí stand density in the region is $1040. Yearly management
and harvesting costs are approximately $518. Nearly all costs associated with ac¸ aí fruit production
were labor related since no special equipment is needed for the activity (except for a $41 yearly
expense in harvest baskets). NPV for the establishment of 1 ha of ac¸ aí was  $4222.
Timber and ac¸ aí comparison
NPV over initial investments show timber production yields a better return per dollar invested than
ac¸ aí fruit production only when ﬁrms mill timber purchased standing (Table 1). Payback periods to
recoup timber production startup costs varied greatly depending on the source of raw material (3–9
years; Table 1). Ac¸ aí payback period was also long at 8 years, due to the initial 4 year wait between
planting and full production.
Discussion
The smallholder timber micro ﬁrm
The total cost of timber extraction and transport of $11.12 per m3 of this study is among the lowest
values reported for tropical forests for either conventional and reduced impact logging (Verissimo et al.,
1992; Barreto et al., 1998; Holmes et al., 2002; Pokorny and Steinbrenner, 2005). This particularly low
value is due to a combination of logging costs slightly below other studies and transportation costs
within the lowest reported elsewhere ($7.37 and $3.75 per m3, respectively). Estimated stumpage
costs per m3 are also near the lowest bound of reported values ($2.75/m3) being only larger than those
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reported by small scale conventional logging operations (Verissimo et al., 1992; Stone, 1998). While
there are generally few economic studies of timber use in the Amazonian ﬂoodplains (Barros and Uhl,
1995; Lentini et al., 2005), this study supports the notion that varzea extraction can be substantially
cheaper than upland timber extraction (Barros and Uhl, 1995).
Despite the high incidence of buttressing of ﬂoodplain trees (Parolin et al., 2004), harvest and trans-
portation efﬁciency of monitored forest operations was  high. The majority of wood volume unutilized
in forest operations was due to left over stem volume after bucking of stems into 3 or 4 m logs. This
result could be partially explained by the small scale of extraction which led to no observed lost logs
or felled trees and the utilization of logs as small as 20 cm in diameter, resulting in little stem volume
unutilized below the crown. Additionally, the apparent selectiveness of the sawyer (who commonly
is also the ﬁrm owner who pays landowners per tree harvested) means partially defective trees were
avoided. Vertical integration of production means micro ﬁrms buying standing trees can select trees
that give better return with no incentive to intensify harvests per area. On the other hand, since ﬁrms
pay for trees extracted and not trees felled, trees damaged during harvests that could be partially uti-
lized may  be left in the forest if they are deemed not worth the tree-based stumpage price, effectively
shifting inefﬁciencies to the harvesting operations.
The estimate of processing costs per m3 is in par with average Amazon wide estimates, when
corrected for exchange rate ﬂuctuations ($47 vs $51 per m3, respectively; Lentini et al., 2005). However,
this study’s processing cost estimate is notably higher than previous survey based, exchange rate
corrected values for similar circular sawmills ($47 vs $26 per m3, respectively; Lentini et al., 2005). The
estimate of sawmill processing efﬁciency obtained from detailed per log monitoring (0.37) is higher
than those published for similar micro sawmills elsewhere (0.28 and 0.35; Barros and Uhl, 1995, Lentini
et al., 2005, respectively) but within range of Amazonian wide industry estimates (Lentini et al., 2005).
On the other hand, the present estimates of yearly processing volume per ﬁrm are markedly lower
than previous survey based studies. Based on measured average sawmill daily processing capacity
and mean number of days of mill operation per month, the 532 m3 of timber processed annually by
sawmills in this study is only a third of values published in previous studies (Barros and Uhl, 1995;
Lentini et al., 2005). This difference is likely partially explained by the fact that nearly all timber in the
present study was purchased standing (and not as logs, thus requiring all ﬁrms labor split between
forest and mill operations) and smaller average sawmill crew size. Nevertheless, it is unclear how
methodological differences may  have also shaped these differences, as this study relied on long term
rapport with fewer ﬁrms and detailed quantitative monitoring while previous studies utilized survey
methods of a much larger number of ﬁrms (Barros and Uhl, 1995; Lentini et al., 2005).
The micro ﬁrm’s dependence on manual labor instead of oil subsidized mechanized work means
costs of pushing and ﬂoating logs are relatively high compared to other harvesting costs and explains
why low density (i.e., lighter, more buoyant) timbers have been traditionally preferred. Although the
current analysis is based on the processing of a mix  of timber species with varying wood density,
the observed differences in handling and processing difﬁculty between high and low density species
suggest that a shift in harvests toward either end of the spectrum would likely impact production
costs. This link between wood density and labor costs is particularly relevant in the Mazagão water-
shed where previous research has shown that current intensive reentry logging practices may  be
suppressing long term yields of low wood density, high value species (Virola surinamensis and Carapa
guianensis; Fortini and Zarin, 2011).
Micro ﬁrm proﬁtability
In general, timber production by estuarine micro ﬁrms is very proﬁtable. This extremely high pro-
ﬁtability is likely a consequence of multiple favorable factors. Besides the low stumpage, extraction,
transportation and milling costs and no legal costs, as vertically integrated operations, micro ﬁrms
proﬁt from both extraction and processing. Although IRRs are rarely reported elsewhere, high proﬁt-
ability may  be common in the Amazon timber industry, with IRRs commonly reported above 30% for
the Amazon and other tropical regions (Bacha and Rodriguez, 2007; Humphries et al., 2012). Lastly,
operating outside legality and the physical danger of the activity due to a lack of basic safety precau-
tions during extraction and processing adds substantial risk to the activity, naturally leading to higher
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Table 3
Net present value of household cash ﬂows for timber and ac¸aí production.
Activity Production mode NPV Initial investment NPV/investment
ratio
Timber Purchased trees $96,290 $7451 12.92
Timber Purchased logs $49,807 $7451 6.68
Acaí $8898 $166 53.60
expected rates of return for those involved. The shift of part of the physical and law enforcement risks
to land owners that do the timber harvest themselves likely explain the differences in proﬁtability
between the ﬁrms that purchase standing timber vs harvested logs.
Comparing timber vs ac¸ aí production economics in the Amazon estuary
While timber is more proﬁtable to micro ﬁrm owners than ac¸ aí, net yearly revenue per ﬁrm is small
with a system of production that is not easily scalable. A ﬁrm’s typical small size is likely what has
allowed the industry to operate largely in the informal sector. Micro ﬁrms also require much larger
initial investments where ﬁnancing options are not available, whereas smaller initial investments for
ac¸ aí production can be easily scalable by area planted. However, ac¸ aí has a delay between planting
and production commonly between 3 and 5 years (Hiraoka, 1995). In the past, cropping (e.g., manioc,
bananas) ensured a continuous revenue stream during this waiting period (Hiraoka, 1995). However,
agriculture in the region has nearly vanished due to competition from cheaper imports (Almeida,
1996). While the two activities provide employment opportunities due to high labor use and low
dependence on outside inputs, ac¸ aí production startup and maintenance costs are almost entirely
based on household labor and not capital, resulting in minimum cash outlays (Anderson and Jardim,
1989). On the other hand, timber ﬁrm startup costs not only are larger, but are commonly paid in
cash as few ﬁnancing options are available. However, ac¸ aí production is highly seasonal (Munizmiret
et al., 1996), making the full reliance on the activity challenging if household ﬁnances are not carefully
managed. In contrast, a timber ﬁrm’s year round operations commonly require at least 4–5 workers
and thus often require cash outlays in the form of paid wages.
In the preceding analyses, all daily wage costs were calculated using the standard regional
rate whether the wage was supplied by the entrepreneur’s household or not. To a timber or ac¸ aí
entrepreneur, however, labor provided by household members often does not require cash payments
and is likely valued much lower than daily wage rates as limited investment alternatives and few
employment options lower the opportunity cost of household labor (López-Feldman and Taylor, 2009).
By alternatively computing NPV of cashﬂows to and from entrepreneur’s household (i.e., setting house-
hold labor rate as zero and assuming two household workers available based on local observations), the
relative ﬁnancial attractiveness of the two activities (in terms of NPV per initial investment) changes
signiﬁcantly (Table 3). While these values show that at the household level ac¸ aí management becomes
much more worthwhile, these values are only valid within a limited size of ac¸ aí management area
that can be managed by two household members (likely less than 10 ha based on the amount of area
typically managed by households in the region). These results may  partially explain why ac¸ aí manage-
ment is being increasingly adopted in the Amazon estuary generally at scales smaller than 10 ha per
household while the number of micro ﬁrms in the region have been on a long decline (Barros and Uhl,
1995; Hiraoka, 1995; Lentini et al., 2005).
One major disincentive for smallholders to produce timber is the challenge to operate legally. Cur-
rent harvesting licensing procedures seem incompatible with small scale timber production (Hirakuri,
2003; Scherr et al., 2004). While recent laws attempt to address this issue by simplifying small scale
forestry licensing procedures, licensing is still very costly as it requires in many cases full forest inven-
tories and a management plan drafted by a licensed forester, thus resulting in the dependency on
outside institutional support (Hirakuri, 2003). While uncommon, some ﬁrm owners in the region have
received ﬁnes for not adhering to timber harvest regulations. Consequently, while ac¸ aí fruit harvesting
is highly physically demanding and dangerous, unregulated timber production commonly involves the
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performance of even more dangerous tasks under an absolute lack of safety procedures and equip-
ment and may  partially explain the shift in preferences among the two  activities. Thus, it is likely that
the related legal and physical risks of timber production have pushed some local entrepreneurs away
from timber and toward ac¸ aí production in the region.
Interactions between timber and ac¸aí production
The price of micro ﬁrm timber is limited by its low quality and quantity of production that restricts
sales mostly to regional markets and principally for low income housing (Pinedo-Vasquez et al., 2001).
The low prices in the local and regional markets have left local ﬁrms in a challenging situation as, with
the spread of ac¸aí, fewer landowners are interested in selling timber to ﬁrms at current stumpage
prices. A secondary effect of the spread of ac¸ aí management is the increase of local wages alleged by
local ﬁrm owners. With ac¸ aí producers during the harvest season easily earning two  to three times the
daily wage rate by harvesting ac¸ aí, ﬁrm owners now have a hard time ﬁnding labor during summer
months.
Within diversiﬁed livelihood systems common in the Amazon estuary (Anderson and Ioris, 1992),
it is not surprising to ﬁnd that timber and ac¸ aí production is not entirely antagonistic. Firstly, ac¸ aí and
timber are not temporally exclusive activities because ac¸ aí harvests peak in the dry season when low
water levels makes access to distant timber harvest areas difﬁcult. Harvest monitoring also revealed
some level of integration between the two activities. Chainsaw operators showed concern for unnec-
essary damage to wild ac¸ aí stock and directionally felled trees away from ac¸ aí clumps. Logging crews
commonly felled old less productive wild ac¸ aí stems to use as rails for pushing logs from forest to
stream. Loggers were aware this practice was beneﬁcial to the wild ac¸ aí stock as thinning of old stems
is a common practice to ensure continuous ac¸ aí production (Anderson and Jardim, 1989). While the
$124 timber subsidy per hectare of forest converted to ac¸ aí is far from sufﬁcient to cover initial plant-
ing costs (based on an average of 16 harvestable trees per hectare, sold standing at $7.77), many locals
showed some degree of preference in converting recently logged areas into ac¸ aí stands. However, this
timber ‘subsidy’ effect is further limited by the fact that areas selected for ac¸ aí management are in
areas close to households where timber density is likely less than in more isolated forests.
Conclusions
While this research explores the economic rationale and consequences of Amazon estuary small-
holder timber and ac¸ aí management, many questions regarding which of these two  activities is most
compatible with conservation are left unanswered. As both activities currently provide positive returns
to smallholder investment, their comparative effects on landscape level carbon balance, erosion, plant,
ﬁsh and faunal populations should be explored. While ac¸ aí at the intensity of planting observed in the
region can be classiﬁed as forest conversion (Weinstein and Moegenburg, 2005), it is not necessarily
the worse alternative to timber extraction since it is an intense land use and a conversion to a forest
type that likely still provides some valuable environmental services (Brockerhoff et al., 2008; Paquette
and Messier, 2010). For an average ﬁrm extracting 532 m3 of timber yearly, operating under the legal
extraction limits of 10 m3 every 10 years or 30 m3 every 30 years per ha requires a minimum man-
agement area of 532 ha. On the other hand, only 12.5 ha of permanent ac¸ aí cultivation is needed to
provide the same NPV as a timber ﬁrm processing purchased trees. This simple calculation shows how
the ‘ac¸ aization’ of the estuary (Hiraoka, 1995) has the potential of changing the dynamics of human
disturbance in the Amazon estuarine forests from widespread nearly ubiquitous logging disturbance
(Fortini et al., 2006; Fortini and Zarin, 2011) into highly intensiﬁed, albeit still forested ac¸ aí production
areas.
The present economic analysis highlights some of the clear advantages and disadvantages between
timber and ac¸ aí production in the estuary and particular challenges for each of these activities. This
information, along with an accounting of the ecological and societal beneﬁts and impacts of the activity,
could be used to devise alternative strategies to sponsor either activity. If after more robust ecological
analyses ac¸ aí is deemed a better choice in balancing conservation and community wellbeing, help to
overcome startup and management costs in pre-production years could have large effects. If timber
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is deemed the better alternative, ﬁnancing of startup costs or research leading to improvements in
sawmill processing technology could have large impacts in the activity.
Acknowledgments
We  thank the many ribeirinho families who shared knowledge of their forests and received us
with open hearts and minds, with special thanks to Dona Rosaria and her family. This research was
supported by fellowships and grants from the Tropical Conservation and Development Program at
the University of Florida, the National Science Foundation (Working Forest in the Tropics Integrative
Graduate Education and Research Traineeship [NSF IGERT], Doctoral Dissertation Improvement Grant,
South East Alliance for Graduate Education and the Professoriate [NSF AGEP]), and the EPA Science to
Achieve Results (STAR) program (FP-91688001).
References
Almeida, M.W.B., 1996. Household extractive economies. In: Ruiz, P.M., Arnold, J.E.M. (Eds.), Current Issues in Non-Timber Forest
Products Research. Cifor, Bogor, Indonesia, pp. 119–141.
Anderson, A.B., Ioris, E.M., 1992. Valuing the rain-forest – economic-strategies by small-scale forest extractivists in the Amazon
estuary. Hum. Ecol. 20 (3), 337–369.
Anderson, A.B., Jardim, M.A.G., 1989. Costs and beneﬁts of ﬂoodplain forest management by rural inhabitant in the Amazon
estuary: a case study of ac¸ aí palm production. In: Fragile Lands of Latin America: The Search for Sustainable Uses. Westview
Press, Boulder, CO, USA.
Bacha, C., Rodriguez, L., 2007. Proﬁtability and social impacts of reduced impact logging in the Tapajos National Forest, Brazil –
a  case study. Ecol. Econ. 63 (1), 70–77.
Barreto, P., Amaral, P., Vidal, E., Uhl, C., 1998. Costs and beneﬁts of forest management for timber production in Eastern Amazonia.
For.  Ecol. Manag. 108 (1–2), 9–26.
Barros, A.C., Uhl, C., 1995. Logging along the Amazon river and estuary – patterns, problems and potential. For. Ecol. Manag. 77
(1–3),  87–105.
Boltz, F., Carter, D.R., Holmes, T.P., Pereira, R., 2001. Financial returns under uncertainty for conventional and reduced-impact
logging in permanent production forests of the Brazilian Amazon. Ecol. Econ. 39 (3), 387–398.
Brockerhoff, E., Jactel, H., Parrotta, J., Quine, C., Sayer, J., 2008. Plantation forests and biodiversity: oxymoron or opportunity?
Biodivers. Conserv. 17 (5), 925–951.
Brondizio, E.S., 2004. From staple to fashion fruit: shifting cycles and shifting opportunities in the development of Ac¸ aí palm fruit
economy in the Amazon Estuary. In: Working Forests in the Neotropics: Conservation Through Sustainable Management?
Columbia University Press, New York, NY, pp. 339–365.
Brondizio, E.S., Siqueira, A.D., 1997. From extractivists to forest farmers: changing concepts of caboclo agroforestry in the
Amazon estuary. Res. Econ. Anthropol. 18, 233–279.
Chomitz, K.M., 2007. At Loggerheads? Agricultural Expansion, Poverty Reduction, and Environment in the Tropical Forests.
World Bank, Washington, DC.
Constantino, P., Fortini, L., Kaxinawa, F., Kaxinawa, A., Kaxinawa, E., Kaxinawa, A., Kaxinawa, L., Kaxinawa, J., Kaxinawa, J.,
2008. Indigenous collaborative research for wildlife management in Amazonia: the case of the Kaxinawa, Acre, Brazil. Biol.
Conserv. 141 (11), 2718–2729.
Fortini, L.B., Rabelo, F.G., Zarin, D.J., 2006. Mixed potential for sustainable forest use in the tidal ﬂoodplain of the Amazon River.
For.  Ecol. Manag. 231 (1), 78–85.
Fortini, L.B., Zarin, D.J., 2011. Population dynamics and management of Amazon tidal ﬂoodplain forests: links to the past, present
and  future. For. Ecol. Manag. 261 (3), 551–561.
Hirakuri, S.R., 2003. Can Law Save the Forest? Lessons from Finland and Brazil. CIFOR, Bogor Barat, Indonesia.
Hiraoka, M.,  1992. Caboclo and ribeirinho resource management in Amazônia: a review. In: Conservation of Neotropical Forests:
Working from Traditional Resource Use. Columbia Press, New York, pp. 134–157.
Hiraoka, M.,  1995. Land use changes in the Amazon estuary. Glob. Environ. Change 5 (4), 323–336.
Holmes, T.P., Blate, G.M., Zweede, J.C., Pereira, R., Barreto, P., Boltz, F., Bauch, R., 2002. Financial and ecological indicators of
reduced impact logging performance in the Eastern Amazon. For. Ecol. Manag. 163 (1–3), 93–110.
Humphries, S., Holmes, T.P., Kainer, K., Koury, C.G.G., Cruz, E., de Miranda Rocha, R., 2012. Are community-based forest enter-
prises in the tropics ﬁnancially viable? Case studies from the Brazilian Amazon. Ecol. Econ. 77, 62–73.
Keefe, K.J., 2008. Enrichment planting of native tree species in the eastern Amazon of Brazil: silvicultural, ﬁnancial, and household
assessments.
Klemperer, D.W., 1996. Forest resource economics and ﬁnance. McGraw-Hill, Inc., New York.
Lentini, M.P., Pereira, D., Celentano, D., Pereira, P., 2005. Fatos ﬂorestais da Amazonia. Imazon, Belêm, Brazil.
Lima, E., Merry, F., Nepstad, D., Amacher, G., Azevedo-Ramos, C., Lefebvre, P., Resque, F., 2006. Searching for sustainability.
Environment 48 (1), 26–38.
López-Feldman, A., Taylor, E.J., 2009. Labor allocation to non-timber extraction in a Mexican rainforest community. J. For. Econ.
15  (3), 205–221.
Merry, F., Pokorny, B., Steinbrenner, M.,  Souza, J., Silva, I., 2005. Contabilidade de custo e eﬁciência de produc¸ ão na indústria-
madeireira na Amazônia Brasileira. IPAM Project Report for Banco da Amazônia. Belem, Brazil, 115 pp.
Munizmiret, N., Vamos, R., Hiraoka, M.,  Montagnini, F., Mendelsohn, R.O., 1996. The economic value of managing the Ac¸ aí palm
(Euterpe oleracea Mart) in the ﬂoodplains of the Amazon Estuary, Para, Brazil. For. Ecol. Manag. 87 (1–3), 163–173.
L.B. Fortini, D.R. Carter / Journal of Forest Economics 20 (2014) 223–235 235
d’Oliveira, M.V.N., 2000. Sustainable forest management for small farmers in Acre State in the Brazilian Amazon.
Paquette, A., Messier, C., 2010. The role of plantations in managing the world’s forests in the Anthropocene. Front. Ecol. Environ.
8  (1), 27–34.
Parolin, P., De Simone, O., Haase, K., Waldhoff, D., Rottenberger, S., Kuhn, U., Kesselmeier, I., Kleiss, B., Schmidt, W.,  Piedade,
M.T.F., Junk, W.J., 2004. Central Amazonian ﬂoodplain forests: tree adaptations in a pulsing system. Bot. Rev. 70 (3), 357–380.
Pinedo-Vasquez, M.,  Zarin, D.J., Coffey, K., Padoch, C., Rabelo, F., 2001. Post-boom logging in Amazonia. Hum. Ecol. 29 (2),
219–239.
Pokorny, B., Steinbrenner, M.,  2005. Collaborative monitoring of production and costs of timber harvest operations in the
Brazilian Amazon. Ecol. Soc. 10. (1).
Rockwell, C., Kainer, K.A., Marcondes, N., Baraloto, C., 2007a. Ecological limitations of reduced-impact logging at the smallholder
scale. For. Ecol. Manag. 238 (1–3), 365–374.
Rockwell, C., Kainer, K., Staudhammer, C., Baraloto, C., 2007b. Future crop tree damage in a certiﬁed community forest in
southwestern Amazonia. For. Ecol. Manag. 242 (2–3), 108–118.
Salafsky, N., Cordes, B., Leighton, M.,  Henderson, M.,  Watt, W.,  Cherry, R., 1998. Chainsaw as a Tool for Conservation? A Compar-
ison  of Community-Based Timber Production Enterprises in Papua New Guinea and Indonesia. Rural Development Forestry
Network, London, UK.
Scherr, S.J., White, A., Kaimowitz, D., Trends, F., 2004. A New Agenda for Forest Conservation and Poverty Reduction: Making
Forest  Markets Work for Low-Income Producers. Forest Trends.
Sears, R., Padoch, C., Pinedo-Vasquez, M., 2007. Amazon forestry transformed: integrating knowledge for smallholder timber
managemet in eastern Brazil. Hum. Ecol. 35 (6), 697–707.
Stone, S.W., 1998. Evolution of the timber industry along an aging frontier: the case of Paragominas (1990–95). World Dev. 26,
433–448.
Verissimo, A., Barreto, P., Mattos, M.,  Tarifa, R., Uhl, C., 1992. Logging impacts and prospects for sustainable forest management
in  an old Amazonian frontier – the case of Paragominas. For. Ecol. Manag. 55 (1–4), 169–199.
Weinstein, S., Moegenburg, S., 2005. Ac¸ aí palm management in the Amazon Estuary: course for conservation or passage to
plantations? Conserv. Soc. 2 (2), 316–346.
Zarin, D.J., Schulze, M.D., Vidal, E., Lentini, M., 2007. Beyond reaping the ﬁrst harvest: management objectives for timber
production in the Brazilian Amazon. Conserv. Biol. 21 (4), 916–925.
